Volume 12 DECEMBER 11, 


BULLETIN 


OF THE 


AMERICAN PHYSICAL SOCIETY 


PROGRAM 


OF THE 
ANNUAL MEETING, INDIANAPOLIS, INDIANA 


DECEMBER 28-30, 1937 


IN AFFILIATION WITH SECTION B—PuHyYsICS—OF 


THE AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE 


PUBLISHED BY THE AMERICAN PHYSICAL SOCIETY 
SEVEN ISSUES EACH YEAR 


of Cones 
Lith eonian De 


The American Physical Society 


OFFICERS OF THE SOCIETY FOR 1937 


President H. M. RANDALL University of Michigan 

Vice President L. J. Briccs National Bureau of Standards 
Secretary W. L. SEVERINGHAUS Columbia University 
Treasurer G. B. PEGRAM Columbia University 

Editor Joun T. TATE University of Minnesota 


Local Secretary for the Pacific Coast PAUL KIRKPATRICK Stanford University 


COUNCIL 


The President, Vice President, Secretary, Treasurer, Managing Editor, the three Past Presi- 
dents most recently retired from office, eight elected members and all Past Presidents first elected to 
the office of President prior to December 1932 constitute the Council which shal! have general charge 
of the affairs of the Society. 


Past Presidents: Henry Crew, W. F. Magie, Ernest Merritt, R. A. Millikan, J. S. Ames, Theodore 
Lyman, D. C. Miller, K. T. Compton, H. G. Gale, W. F. G. Swann, A. H. Compton, R. W. 
Wood, and F. K. Richtmyer. 

Elected Members: E. O. Lawrence, H. A. Erikson, G. Breit, K. K. Darrow, E. C. Crittenden, J. W. 
Beams, M. J. Kelly, and J. C. Slater. 


BULLETIN 
of the 


AMERICAN PHYSICAL SOCIETY 


Published seven times per year 


Subscription price: $5.00 per year 


Single copies: $1.00 each 


The Bulletin of the American Physical Society is published seven times a year during the months of February, 
April, June (2 issues), November (2 issues), and December at Prince and Lemon Streets, Lancaster, Pa. 

Address correspondence to Prince and Lemon Streets, Lancaster, Pa., or to Secretary W. L. Severinghaus, Columbia 
University, New York, N. Y. 


Entered at the post office at Lancaster, Pa., as second class matter. 


Acceptance for mailing at a special rate of postage provided for in the Act of October 3, 1917, embodied in paragraph 
4, Section 412, P. L. & R., authorized April 28, 1928. 


DECEMBER 11, 1937 


HE 39th Annual Meeting (the 218th regular 

meeting) of the American Physical Society 
will be held at Indianapolis, Indiana on Tuesday, 
Wednesday and Thursday, December 28, 29 
and 30, 1937 in affiliation with Section B— 
Physics—of the American Association for the 
Advancement of Science. All sessions of the 
American Physical Society will be held at the 
Indianapolis Athletic Club. 


Annual Business Meeting of the American 
Physical Society will be held at 2:00 P.M. on 
Tuesday, December 28 in the Green Room of 
the Athletic Club. 


Joint Session of Section B—Physics with the 
American Physical Society and the American 
Association of Physics Teachers. Dean George 
B. Pegram of Columbia University will deliver 
the address of the retiring vice president for 
Section B in the Green Room of the Athletic 
Club immediately after the annual business 
meeting of the American Physical Society. 
Professor H. M. Randall of the University of 
Michigan, president of the American Physical 
Society, will deliver the presidential address. 
The title of the address is ‘“The Spectroscopy 
of the Far Infrared.’’ Professor G. Breit of the 
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University of Wisconsin will be the third speaker 
and the title of his address is “Some Recent 
Progress in the Understanding of Nuclei.” 


Address of the Retiring President of the 
A.A.A.S. Dr. Edwin G. Conklin of Princeton 
University will speak on Monday, December 27 
at the Murat Temple. The title of his address is 
“Science and Ethics.” 


The Sigma Xi Lecture will be given under the 
auspices of the Society of Sigma Xi and the 
A.A.A.S. on Tuesday evening, December 28 at 
8:30 o’clock in the auditorium of the Murat 
Theatre. The speaker will be Dr. Irving Lang- 
muir of the General Electric Company. The 
lecture is entitled ‘‘Biological Applications of 
Surface Chemistry.”’ 


The American Association of Physics Teachers 
will hold its annual meeting on Monday and 
Tuesday, December 27 and 28, 1937 at Indian- 
apolis. Some of its sessions are listed under 
Calendar in this Bulletin. For complete infor- 
mation see the A.A.P.T. program. 


Josiah Willard Gibbs Lecture. The fourteenth 
Josiah Willard Gibbs Lecture will be held in the 
Ball Room of the Antlers Hotel at 4:30 P.M., 
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Tuesday, December 28. The speaker is Professor 
Charles A. Kraus of Brown University and his 
subject is ‘‘The Present Status of the Theory 
of Electrolytes.” This meeting is to be a joint 
general session of the A.A.A.S. and the American 
Mathematical Society at which Dean G. D. Birk- 
hoff, President of the A.A.A.S., will preside. The 
members of the American Physical Society are 
especially invited to attend the Gibbs Lecture. 


Sigma Pi Sigma Luncheon for members and 
guests, held annually in connection with the 
Christmas meetings of the A.A.A.S. and the 
American Physical Society, will be held at 12:30 
on Wednesday, December 29 at the Indianapolis 
Athletic Club. Members wishing to attend are 
requested to make reservations at the registra- 
tion desks. 


Dinner. The annual dinner of the American 
Physical Society will be held at the Athletic 
Club on Wednesday evening, December 29 at 
7:00 o’clock. This will be a joint dinner with the 
American Association of Physics Teachers. The 
price of the dinner is $1.65, no tipping. Tickets 
can be purchased at the registration desks in 
the Murat Temple. If at all possible tickets 
should be bought by noon on Wednesday. 


GENERAL INFORMATION 


For further information in regard to sessions, 
meetings, receptions, exhibitions, excursions, etc. 
see the General Program of the A.A.A.S. which 
will be available at the registration offices. See 
also the Preliminary Announcement of the 
A.A.A.S. printed in current issues of Science. 


Headquarters. The Indianapolis Athletic Club 
at Meridian and Vermont Streets has been 
selected for hotel headquarters for the Physical 
Society. It will also be headquarters for the 
A.A.P.T. Members are urged to make their 
reservations at once writing to Mr. Henry T. 
Davis, Indianapolis Convention and Publicity 
Bureau, Indianapolis, Indiana. It is quite likely 
that the Athletic Club cannot accommodate all 
the members and Mr. Davis will make reserva- 
tions at the Spink-Arms Hotel when necessary. 
It is suggested in writing for accommodations 


that the members state their first and second 
choices. 

The rates at the Athletic Club are, with bath, 
single, $2.50-$4.00, double, $5.00-$7.00; and at 
the Spink-Arms, with bath, single, $2.50—$4.00, 
double, $4.00-$7.00. The Spink-Arms Hotel is 
directly across the street from the Athletic Club. 


For general information concerning hotel 
accommodations at Indianapolis and railroad 
rates the members are referred to current issues 
of Science. 


Railroad Rates. Members should consult with 
their local passenger agents before purchasing 
tickets. 


Registration Fee. A registration fee of one 
dollar will be charged. 


Membership in the A.A.A.S. The meeting of 
the American Association for the Advancement 
of Science is from December 27, 1937 to January 
1, 1938. Members of the affiliated societies are 
given the privilege of joining the Association at 
this meeting without payment of the regular 
entrance fee. 


GENERAL RULES RELATING TO PAPERS 


Only those titles of papers shall be listed on 
the preliminary program of a meeting of the 
Society for which abstracts ready for publication 
are in the hands of the Secretary. 

On December 28, 1936, the Society voted that: 


No papers may be accepted for presentation at any 
meeting of the Society subsequent to the closing date 
stated in the printed call for that meeting. 


When two or more papers are offered by the 
same member, one only of these will be assigned 
a place on the regular program, while the others 
will be placed in a supplementary program. (A 
paper presented by two or more authors is 
assigned to the first named author.) 

All supplementary papers will be grouped 
according to subject matter and will be called for 
at their appropriate sessions only, these sessions 
to be designated on the program. The presiding 
officer may assign a reduced time to these papers 
or may in his discretion call for them to be read 
by title only. 


Except by special vote of the Society, the Other meetings for the current season are as 
maximum allowance of time for the presentation follows: 


of a paper shall be ten minutes. The presiding 217. December 17-18, 1937. Stanford Univer- 
officer shall enforce this rule. sity, California 


Titles and abstracts of the papers to be pre- 449 Febry ary 25-26, 1938. New York, N. Y. 
sented are given in the following pages. These Joint meeting with the Optical Society of 
abstracts have not been corrected by the authors. America. 


After correction the abstracts will be published 499. April 28-30, 1938. Washington, D. C. 

in an early number of the Physical Review. Au- 221, June, 1938. Pacific Coast. 

thors should send corrections to the Publications 

Manager, The American Institute of Physics W. L. SEVERINGHAUS, Secretary 
Incorporated, 175 Fifth Avenue, New York, Columbia University, New York, N. Y. 


N. Y. December 11, 1937. 


CALENDAR 


Tuesday morning, December 28, 1937 10:00 o’clock: Parlors B—E: Papers 9-17. See 
9:30 o’clock: Athletic Club: Meeting of the pages 8-9. 
Council of the American Physical Wednesday afternoon, December 29, 1937 
Society. 2:00 o’clock: Green Room: Papers 18-25. 


See pages 10-11. 
2:00 o'clock: Parlors B-E: Papers 26-32. See 
pages 11-13. 
Wednesday evening, December 29, 1937 


7:00 o’clock: Lantern Room: Joint dinner 
2:30 o’clock: Green Room: Joint session with with A.A.P.T. 


Section B—Physics of the A.A.A.S. and 
with the A.A.P.T. Addresses by George 
B. Pegram, Retiring Vice President of 
Section B; H. M. Randall, President of 
the A.P.S., and Professor G. Breit of 


Tuesday afternoon, December 28, 1937 


2:00 o’clock: Green Room: Annual Business 
Meeting of the American Physical 
Society. 


Thursday morning, December 30, 1937 
10:00 o’clock: Green Room: Papers 33-40. 
See pages 13-14. 
10:00 o'clock: Parlors B—E: Papers 41-48. See 


the University of Wisconsin. See page pages 85-08. 
4. Thursday afternoon, December 30, 1937 
2:00 o’clock: Green Room: Papers 49-55. 
Wednesday morning, December 29, 1937 See pages 16-17. 
10:00 o'clock: Green Room: Papers 1-8. See 2:00 o’clock: Parlors B—E: Papers 56-63. See 


pages 6-8. pages 18-19. 
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of the American Physical Society. 


1. On the Hydrodynamical Theory of the Viscosity of 
Suspensions. EuGENE Gut, University of Notre Dame, 
AND Otto GoLp, University of Vienna. (Introduced by 
George B. Collins.)—Einstein, in his thesis, 1906, developed 
a theory of the viscosity of a suspension. He calculated the 
disturbance which a spherical particle causes in a laminar 
stream of a viscous fluid. From the energy dissipated, he 
derived an equation connecting the viscosity of the solvent, 
n, with the viscosity of the suspension, m, the total volume, 
v, of the suspended particles and the volume, V, of the 
suspension: 7 =0(1—2.5v/V). This relationship holds only 
for small concentrations. For higher concentrations one 
must take into account the mutual disturbance caused by a 
pair of particles of a laminar stream. This has been done 
by a special adaptation of the method of reflections, first 
introduced by H. A. Lorentz for taking into account the 
influence of walls on Stokes’s law. A lengthy calculation 
leads to the result: »=mo(1—2.5v/V—14.1v/V*). This 
equation is applicable to all solutions of high molecular 
substances with spherical shape, such as rubber latex 
solutions, protein solutions, and the changing of the vis- 
cosity of lubricating oils by the addition of small quantities 
of higher molecular compounds. 


2. The Viscosity of Monolayers: Theory of the Surface 
Slit Viscosimeter. WmL1AM D. HARKINS AND JOHN G. 
Krirkwoop, University of Chicago.—The surface vis- 
cosimeter which makes use of the flow of a film through a 


PROGRAM 
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Annual Business Meeting of the American Physical Society 


TUESDAY AFTERNOON AT 2:30 O'CLOCK 


Green Room 


Joint Meeting of the American Physical Society, Section B of the A.A.A.S. and The American 
Association of Physics Teachers 


Dr. HARVEY FLETCHER, Bell Telephone Laboratories 
Vice President of Section B, presiding 


Invited Papers 
Address. GeorGE B. PeGram, Columbia University, Retiring Vice President for Section B—A.A.A.S. 


Spectroscopy of the Far Infrared. H. M. RANDALL, University of Michigan. Address of the President 


Some Recent Progress in the Understanding of Nuclei. 


WEDNESDAY MORNING AT 10:00 o’CLOCK 


Green Room 


G. Breit, University of Wisconsin. 


rectangular capillary slit possesses many advantages in 
comparison with other types. Perhaps the greatest of these 
is the fact that, since it has no moving parts, no motion is 
imparted to the substrate (usually aqueous) by the instru- 
ment. Since surface viscosimeters which utilize moving 
rings or disks impart such a motion, their theory is thus 
made much more complicated. If 


a=fi—f2/l 
n=aa?/12A —ano/z, 


where a is the diameter of the slit, f the surface pressure, 
A is the area flux, 7 the viscosity of the film, and no of the 
water, and / the length of the slit. The viscosity of a film 
of arachidic acid, with 20 C atoms in a straight chain, is 
found, in work with Dr. R. J. Myers, to be 0.0017 surface 
poises. Expanded films, such as that of oleic acid, have ex- 
ceedingly small viscosities. Several ring surface viscosim- 
eters have also been developed in the laboratory, and 
these are suitable for work with plastic films. 


3. Arrangement of Molecules in Unimolecular and 
Multimolecular Layers. L. H. GERMER AND K. H. StorkKs, 
Bell Telephone Laboratories, Inc., New York, N. Y.—Our 
recent study! of the structure of films built from many 
molecular layers of stearic acid by the Langmuir-Blodgett 
technique has been extended to unimolecular layers of 
stearic acid, and to unimolecular and multimolecular layers 
of barium stearate. Electron diffraction patterns from 


barium stearate prove that films several molecules thick 
have hexagonal structures with c axes parallel to axes of the 
hydrocarbon chains and normal to the supporting surface. 
Details of the patterns vary with pH of the water, which 
controls the amount of barium in the film. In single 
molecular layers also barium stearate molecules are ar- 
ranged with axes normal to the supporting surface, but in 
one layer there exists almost no regularity in lateral spac- 
ings. Single layers of stearic acid molecules have the same 
arrangement as barium stearate in single layers, although 
multi-layers of the acid have an entirely different struc- 
ture.! We suggest that this difference is due to combina- 
tion of the first layer of acid molecules with a metal surface. 
From multi-layers of stearic acid diffraction patterns 
differ widely; we believe these represent different poly- 
morphic forms. 

1 Proc. Nat. Acad. 23, 390 (1937). 


4. Electric Moment of the Methyl and Ethyl Alcohol 
Molecules. J. D. STRANATHAN, University of Kansas.— 
The dielectric constant of methyl alcohol vapor has been 
determined at 14 temperatures between 25.0° and 206.0°C. 
At each temperature measurements have been made at an 
average of 23 different pressures ranging from zero up to 
near saturation. The polarization at any one temperature 
was obtained by a least square solution for the slope of the 
best straight line through observations at various pres- 
sures at that temperature. A least square solution for the 
best Debye line through the polarization data at different 
temperatures yields a preliminary value (1.694+0.003) 
X 10-18 e.s.u. for the electric moment of the methyl alcohol 
molecule. The moment here found is in essential agreement 
with values reported by Miles and by Kubo. It is obtained, 
however, from more extensive data, and has associated 
with it a smaller probable error. Data on ethyl alcohol 
previously published by Knowles have been recalculated, 
using a least square treatment throughout, and making a 
minor correction to the value he used for the absolute 
zero of temperature. The resultant moment is (1.690 
+0.005) X 10-18 e.s.u. Knowles, using largely a graphical 
determination of slopes, obtained 1.686 10-8; no prob- 
able error was stated. 


5. Permanent Electrets as a Function of the Method of 
Preparation. WILFRED M. Goop, University of Kansas. 
(Introduced by J. D. Stranathan.)—Preliminary to a pro- 
posed study of the effect of the method of manufacture of 
electrets upon their subsequent behavior, it was deemed 
advisable to develop a procedure of manufacture which 
could be accurately controlled, and which would yield 
electrets with uniformly smooth surfaces and not subject 
to cracking. Electrets have been made in an oil bath whose 
temperature is automatically and continuously lowered 
from 90° to 30°C over a period of from 1 to 10 days, 
The conventional tin foil electrodes have been replaced 
by rigid electrodes of solid tin. The resulting electrets have 
exceptionally smooth and closely parallel surfaces, and 
show no tendency to crack provided the electric field is 
applied at the proper temperature (75°C). Application of 


the field at a higher temperature (90°C) has caused each of 
the 4 electrets so made to crack in a peculiar manner ap- 
parently associated with the fringing of the electric field. 
Preliminary measurements indicate that electrets made as 
described above show the same general behavior as those 
cooled more rapidly in air, though there is some indication 
that the time of aging is affected. 


6. The Variation of Apparent Ionic Volumes with Con- 
centration in Aqueous Solutions. G. W. Stewart, State 
University of Iowa.—The free ion theory of electrolytes 
leads to a linear relation between the apparent ionic mol 
volume of an electrolyte, #, and the square root of the 
concentration, c, at dilute solutions, and also to values of 
the rate of change of the former with the latter. While the 
theory is of distinct value, it is seriously inadequate. Of 
208 strong electrolytes only 62 percent have the @—c} 
linear variation, and with these the values of the rate of 
change of # with c4 vary widely from the computed values, 
the divergence being from one-fifth to fifteen times. In 22 
percent the linear relation is more nearly c than c}, As- 
suming an approximately linear relation at dilute solutions 
the value of the exponent of c varies from a —0.5 to 2.0. 
The explanation of the limitation in the free ion theory is 
the absence of a consideration of liquid structure or of the 
forces that produce it. 


7. The Existence of a Vitreous State in Gelatin Gels. 
BasILe J. Luyet, St. Louis University—Gelatin gels of 
concentrations varying from 10 to 60 percent can take the 
vitreous state, that is, can be brought to temperatures at 
which their viscosity is of the order observed in solid bodies, 
but their structure is not crystalline. For that purpose, the 
gels are immersed in liquid air in thin layers; they then 
keep their transparency and isotropic properties, but 
are hard and breakable as glass; when they are warmed up 
slowly they devitrify, that is, they crystallize, at a tempera- 
ture of more than 150 degrees above the temperature of 
ebullition of liquid air. To insure a sufficient cooling velocity 
during the immersion, the gel layers, when supported on 
glass plates 50 micra thick, can be as much as 0.5 mm thick, 
with a 50 percent gel, while they must not exceed a few 
microns with a 10 percent gel. The experimental demon- 
stration of the fact that a high water content (90 percent) 
can stay unfrozen in an aqueous gel at some tens of de- 
grees below zero requires a revision of the entire problem 
of ‘‘bound water.” 


8. Estimates of Age of the Planet from Isotope Ratios. 
ARTHUR BRAMLEY, Washington, D. C-—Recent opinion on 
radioactivity of potassium supports Muhloff’s value of 
1.8 10° years.! With this value for the half life, the ratio of 
the rate of formation of argon from potassium to that of 
calcium is 1/10* whereas considerations based on the in- 
tensity of gamma-radiation require for this ratio the value 
1/100.2 The relative abundances of Ca*® and K*® on the 
earth’s crust taken in conjunction with this value for 
mean life indicate that the nuclei of Ca*® and K*® have 
been in equilibrium for 210! years. This is of the same 
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order of magnitude as the age of the stars. If during part 
of this time the temperature of the earth’s atmosphere was 
over 7000°, the argon formed in that period would have 
escaped into interstellar space.? The reaction rates as 
calculated from the relative abundance of argon and cal- 
cium and from gamma-ray intensity can be brought into 


harmony provided we assume that the earth’s atmosphere 
was hotter than 7000°, 1 < 10" years ago. An uncertainty in 
these calculations arises from difficulty in determining the 
argon content of the eath’s crust. 


1 Klemperer, Proc. Roy. Soc. 148, 638 (1935). 
2 Bramley, Science 86, 424 (1937). 
3 Jeans, Dynamical Theory of Gases, chapter 15. 


9. The Relation Between Stefan’s Radiation Law and 
Nernst’s Heat Theorem. ArTHUR E. HAAs AND EUGENE 
Gutu, University of Notre Dame.—Although Nernst’s 
heat theorem represents an independent thermodynamic 
principle, the vanishing of the zero entropy may be de- 
rived from ‘‘classical’’ principles in the special case of the 
black-body radiation. We start with the energy equation of 
classical thermodynamics: (8U/dV)r=T(dP/dT)y—P, 
where U is the energy, V the volume, 7 the temperature, 
and P the pressure. Im applying this general relation to the 
black-body radiation we make use of Stefan’s law accord- 
ing to which the density of energy u is equal to aT‘, a 
being a constant. The integration of the resulting differ- 
ential equation leads to the expression for the radiation 
pressure: p=}a7‘+bT7, b being another constant. The 
insertion of this result into thermodynamical formulas 
yields the following equation for the entropy: S=#a7*V 
+bV. From Maxwell’s electromagnetic theory we have: 
p=u/3. Comparing this with the above expression for the 
radiation pressure, and remembering that u=aT*, we see 
that 6 must be zero. This, however, requires that S be 
zero when T=0. The statistical interpretation of the 
entropy of the black-body radiation leads to the result that 
the number of photons emitted by a black body is propor- 
tional to T°, 


10. The Persistence of Molecular Vibration in Colli- 
sions. ROBERT J. Dwyer, R.C.A. Institutes, Inc., Chi- 
cago, Iil.—The dispersion of sound, discovered by G. W. 
Pierce and theoretically interpreted by K. F. Herzfeld 
and F. O. Rice, indicates a slow transfer of energy between 
translational and vibrational molecular degrees of freedom. 
It seemed desirable to find a direct optical method of ob- 
serving and measuring this effect. Apparatus has been 
developed in this laboratory for the purpose of investigat- 
ing molecules present in very small concentration, like 
radicals, by their absorption spectra.! The lines of the 
rotational structure of any branch of a band indicate by 
their intensities the relative concentrations in different 
rotational levels. The relative concentrations of molecules 
responsible for two absorption spectra may therefore be 
determined merely by matching rotation lines. The shift 
of concentrations from lower to upper vibrational levels 
caused by the electrical discharge was observed in iodine 
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vapor by comparing intensities of the absorption spectrum 
with those when the discharge was on. By varying the 
phase between an electric switch and optical shutter snap- 
shots of the absorption spectrum could be taken at differ- 
ent intervals after the discharge was interrupted. Iodine 
molecules raised from the zero to the first vibrational level 
were able to persist in this level through several thousand 
collisions with other iodine molecules before losing their 
vibration. 


1A. A. Frost and O. Oldenberg, J. Chem. Phys. 4, 782 (1936). A. A. 
Frost, D. W. Mann and O. Oldenberg, J. Opt. Soc. Am. 27, 147 (1937). 


11. A Study of the Anisotropy of the Atomic Vibrations 
of a Zn-Cu Alloy. R. A. Howarp, Washington University, 
St. Louis, Mo.—The atomic structure factors for an alloy of 
zinc and copper in the e phase, containing approximately 
fifteen atomic percent of copper, have been measured. This 
alloy has an hexagonal lattice with an axial ratio of 1.56, 
which is less than the value of 1.633 for close-packed spheres. 
It has been shown for pure zinc! and pure cadmium? 
which both have an axial ratio greater than 1.633, that the 
atomic vibrations are greater along the c axis than per- 
pendicular to it. One might, therefore, be led to expect that 
in the case of a crystal in which the atoms are separated by 
less than the normal distance along the ¢ axis, as is the 
case for the Zn-Cu alloy used here, the atomic vibrations 
would be less along the ¢ axis than in a direction normal to 
it. The results show this effect very strikingly. The struc- 
ture factor curve bears a remarkable similarity to that ob- 
tained by Wollan’ for-a Cd-Ag alloy, which also possesses 
a hexagonal lattice and an axial ratio of 1.56. 


1G. W. Brindley, Phil. Mag. 21, 790 (1936). G. E. M. Jauncey and 
W. A. Bruce, Phys. Rev. 50, 408 (1936). E. O. Wollan and G. G. 
Harvey, Phys. Rev. 51, 1054 (1937). 

2G. W. Brindley, Proc. Leeds Phil. Soc. 3, 200 (1936). 

3 E. O. Wollan, reported at Thanksgiving meeting (1937). 


12. Calculation of Transition Energies of Polymorphous 
Molecular Crystals. M. BrucH-WILLSTATTER AND H. 
SPONER, University of Wisconsin and Duke University.— 
A number of crystals show at low temperatures the phe- 
nomenon of a transition from an oscillatory motion of their 
molecules to a rotational one. In many cases the lattice type 
is preserved during the transition, which is usually not 
sharp but covers a range of temperature of several degrees. 
In other cases, however, the transition is connected with 


a change in crystal structure which sets in sharply at a 
definite temperature. Transition energies have been de- 
termined experimentally for a number of cases by several 
authors. Here a calculation of these transition energies has 
been carried out for N2, CO, HCl and HJ by using London’s 
simple theory of van der Waals forces. The first three 
substances show transitions with a change in crystal 
structure while HJ represents an example of the other 
type. The calculated values come out larger than the ex- 
perimental ones, some by a factor 2, but no more can be 
expected from the approximative treatment. A more 
accurate calculation is rendered difficult because of lack 
of experimental data. 


13. Segregation of Polonium in Bismuth Crystals. 
ALFRED B. Focke, Brown University—The study of the 
distribution of polonium as an impurity in bismuth crys- 
tals reported some time ago! is continued, using improved 
methods of high speed counting of a-particles. Measure- 
ments on over twenty crystals confirm the results of the 
earlier paper showing that the polonium is segregated into 
small regions separated by distances of (0.57+0.01)u and 
(0.98+0.03)u in directions parallel to the [111] and [111] 
axes, respectively. It is also found that where twinning 
due to cold working occurs the spacing along the original 
[111] axis changes to that expected along the [11T] axis, 
the distribution of impurity thus following the crystallo- 
graphic change. This must indicate either a large scale 
migration of the polonium at relatively low temperatures 
or that the twinning process is not atomic in nature but 
that relatively large regions of the crystal change their 
positions as entities. 


1A. B. Focke, Phys. Rev. 46, 623 (1934). 


14, Radioactivity of Air, Water, Cave and Soil Gases. 
Oscar G. Fryer, Drury College. (Introduced by R. R. 
Ramsey.)—An electroscope is described which has new 
features particularly suited for field work. Tests were made 
on caves and springs in Ozark, Wichita, and Arbuckle 
Mountains of Arkansas and Oklahoma. Also a series of 
tests covering a period of 8 months was made on caves, 
springs, air, and soil gases in the limestone belt of Indiana. 
Rainfall affects the radon content in some springs more 
than in others. Radioactivity is not proportional to rain- 
fall, yet a continued dry period is marked by an appreci- 
able decrease in activity of most springs. There is no 
correlation between atmospheric pressure and radon con- 
tent of spring water in the vicinity of Indiana University. 
In the limestone belt it is thought that the source of 
activity is in the soil and not in the limestone below as no 
limestone caves there showed any activity while the soil 
above was very active. Radon content of soil gases in- 
creases with depth. Radioactivity of the soil decreases with 
continued rainfall but is not affected by barometric pres- 
sure. Radon content of soil gases here is much greater 
than in other countries, while the activity of the air is less. 


15. Photographic Measurements of the Brownian Mo- 
tion. CHas. HirE, Murray State Teachers College. (Intro- 
duced by W. L. Severinghaus.)—Gamboge particles of 
uniform size were suspended in water. Positions of the 
particles in a suitable sealed microscope slide were recorded 
instantaneously at intervals of 1/128 second by a photo- 
graphic method using an electric spark as the light source. 
Particle diameters were determined from the rate of 
settling by applying Stokes’ formula. In addition to the 
Brownian agitation, the photographs revealed field vibra- 
tions in which all particles moved in the same directions: 
simultaneously. Simple corrections for the field vibrations 
gave the true Brownian Displacements. Calculations from 
the corrected data gave for Avogadro’s Constant a value 
of 710” molecules per mole, and calculations from the 
uncorrected data gave results comparable with those of 
Henri. The paper contains a brief discussion of corrections 
needed for the law of Stokes. Apparatus and data table 
are illustrated with lantern slides. 


16. The Variation of Contrast with Wave-Length in 
Photographic Materials. W. R. Kocu, Material Division, 
U. S. Army Air Corps, Wright Field—Contrast data ob- 
tained for different wave-lengths with various photographic 
materials were reported. Measurements extended through 
the visible and near ultraviolet regions and included the 
effect of varied development conditions. The relation of 
these results to the selection of suitable emulsions for 
photographic photometry was discussed. Applications of 
the data in the field of chemical analysis by spectrographic 
methods as well as in the field of color photography were 
noted. 


17. Anodic Properties of the Aluminum Cell. W. B. 
PIETENPOL AND T. Epwin DEVANEY, University of Colo- 
rado.—F urther experiments substantiate the previously 
proposed theory that in the aluminum cell the active 
film is composed of colloidal aluminum hydroxide which 
partially traps anions but allows cations to pass. The 
generally accepted Gunther Schultze theory, which as- 
sumes that the high resistance is due to a thin gas film, 
predicts that the capacitance should decrease with drop in 
voltage and increase with drop in temperature. Experi- 
ments show that, in accord with the hydroxide layer 
theory, the capacitance remains nearly constant with drop 
in voltage and decreases slightly with drop in temperature. 
With ammonium hydroxide the electrolyte, aluminum 
hydroxide is formed and there is evidence that the high 
resistance is due to it. With oxalic acid, the electrolyte, the 
exposure of the anode to air for a time causes the current 
upon the anode’s return to the solution to remain for some 
time below its former value. For this and similar effects, no 
explanation can be given by the Gunther Schultze theory. 
However all results are in accord with the proposed slow 
hydrolysis of aluminum oxide to aluminum hydroxide. 
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18. The Width of the Resonance Peaks in Disintegra- 
tion of Boron by Protons. James S. ALLEN, ROBERT O. 
Haxsy, Joun H. University of Minnesota.— 
The width of the resonance peak occurring in the reaction 
BU+H!—~Be®+He'+Q has been measured for targets of 
various thicknesses. For a pure Boron target of thickness 
sufficient to slow 160 kv protoas by about 500 volts, the 
full width at half-maximum was approximately 10 kv. 
The peak occurred at 159 kv. The transformer kenetron 
set, ion source, and accelerating tube described by Wil- 
liams, Wells, Tate and Hill' were used. A new voltmeter 
consisting of 250 10 meg. resistors was used for the voltage 
measurements. By tapping off a small fraction of the total 
voltage across the voltmeter, the amount of ripple in the 
voltage supply was measured with a cathode-ray oscillo- 
graph. At 170 kv the total ripple was 4500 volts, or 2.6 
percent. The resonance occurring in the reaction B'+H?! 
—C"+~ has been studied for thick Boron targets. Using 
a G.M. tube, the number of x-rays was determined as a 
function of the tube voltage. When differentiated the 
curve was similar to that for the above reaction and the 
peak occurred at approximately the same voltage. 
1 Williams, Wells, Tate, Hill, Phys. Rev. 51, 434 (1937). 


19. The Angular Distribution of Resonance Disintegra- 
tion Products. R. D. Myers, Purdue University.—An at- 
tempt is made to account by symmetry considerations for 
the anisotropy observed in the angular distribution of 
products of nuclear disintegrations. The Bethe-Placzek! 
method of averaging the cross section of a nuclear disinte- 
gration over the several spin orientations is adopted so as 
to be suitable for finding Az, the average Lth coefficient 
of the expansion in spherical harmonics of the angular 
intensity. The dependence of Az on L is found to occur 
only through certain coefficients whose variation with L 
can be calculated. For resonance the formula simplifies 
and may even reduce to one term so that the variation 
with L is known and the slope of the curve for the angular 
distribution of the products is completely determined. 
The theory is applied to the disintegrations (1) D*+D? 
and (2) With certain 
assumptions as to the scheme by which the disintegration 
occurs the distributions of the protons and a-particles are 
found to agree with those observed experimentally by 
Neuert.? 


1 Bethe and Placzek, Phys. Rev. 51, 450 (1937). 
2 Neuert, Physik. Zeits. 38, 122 (1937). 


20. Capture Cross Section for Thermal Neutrons. A. H. 
Srees, W. F. CoLsy, AnD S. Goupsmit, University of 
Michigan.—The density of thermal neutrons in a hydrog- 
enous substance is proportional to their rate of production 
and inversely proportional to their rate of absorption, 
provided the density varies linearly around the position 
of the measurements. The addition of a small amount of 
cadmium salt does not change the production but increases 


WEDNESDAY AFTERNOON AT 2:00 o’CLOCK 


Green Room 


the absorption. This provides a simple method to determine 
the capture cross section of various solutions and mixtures 
in terms of that of cadmium. The neutron density was 
measured by the activity of silver foils put horizontally 
at the center of a cylindrical vessel of 26 cm diameter and 
the same height which was placed near the Michigan 
cyclotron. ‘The effect of the silver foil (0.067 g/cm?) on the 
density was estimated by using a few thicknesses and 
extrapolating (about 7 percent) to zero thickness. It was 
verified that the reciprocal of the activity (corrected for 
nonthermal neutrons) is indeed a linear function of the 
cadmium concentration up to about 0.08 moles of Cd in 100 
moles of H,O when the cross section is increased by a factor 
five. For water the results gave =.00020c(Cd), 
for NaCl a preliminary measurement gives o(NaCl) 
=.0140(Cd). With o(Cd)=2600-10-% this yields 
o(H) =.26+.02-10-% cm? (neglecting o) and o(NaCl) 
=36+4-10- cm’, 


21. Neutron Yields from Deuteron Reactions at High 
Energy. Luis W. ALVAREZ, University of California—The 
relative neutron yields from 15 elements bombarded with 
7.6 Mev deuterons have been measured with ionization 
chambers, and in some cases checked with radioactive 
detectors. The thick target yield vs. Z curve is very nearly 
of the form Y=ke~4, and all 12 elements tried from Li 
to Sn gave points which lay very closely on a smooth 
curve. Background neutrons from the cyclotron prevented 
the curve from being carried to higher Z. Carbon has been 
most carefully investigated; excitation functions for the 
production of N® and of neutrons have been compared, 
and the number of N® atoms at saturation has been 
compared with the number of neutrons per second from 
Carbon (determined by standardization with a Ra+Be 
source). The relative neutron yields for C and Ni have 
been compared with their relative radioactive yields. All 
three of these comparisons indicate that the number of 
neutrons from C is larger than can be accounted for by 
the reaction leading to N"*. The most satisfactory explana- 
tion at present is that the following reaction is responsible 
for the excess: This represents a 
capture followed by two Bohr evaporations. 


22. Radioactivity Induced in the Rare Earth Elements by 
Fast Neutrons. M. L. Poor, Ohio State University.—With 
the exception of illinium, thulium and lutecium all the 
rare earth elements (fifteen in number) have been bom- 
barded with slow and fast neutrons. The fast neutrons 
were obtained by the lithium plus deuteron reaction. 
Deuterons of 6.3 Mev were produced by the cyclotron in 
Professor Cork’s laboratory at the University of Michigan. 
Most of the slow neutron periods have already been found 
by other observers. However, changes and additions have 
been necessary in some cases, probably because of the 
greater slow neutron equivalent of the cyclotron or the 


higher purity of the elements used. Several of the rare 
earths were spectroscopically pure. Since it is difficult to 
assign definitely to a nucleus a radioactive period based 
upon evidence from slow neutron activation alone, fast 
neutron activation is of great advantage. Deuteron 
activation was also used in a few cases. In all, twenty-six 
different radioactive periods have been observed. Of these, 
twenty have been placed with reasonable certainty. There 
are seven cases in which the radioactive body emits 
positrons. Evidence exists for three new stable rare earth 
nuclei on which radioactive nuclei terminate. 


23. Radioactivities Induced by High Energy Protons. 
L. A. DuBripceE, S. W. Barnes, E. O. Wu, J. H. Buck 
AND C. V. Srrain, University of Rochester.—Studies 
previously reported on proton induced radioactivities have 
been extended. It appears that for nearly all elements so 
far studied above O!*, which show induced radioactivity, 
the reactions must be of the p-n type. In the light elements 
this leads to a positron emitting isotope and the reactions 
have thresholds at 1.8 Mev plus the positron energy. For 
heavier elements electron emission is preferred and such 
isotopes can be formed at much lower energies (1.4 Mev). 
The following e+ emitting isotopes have been formed: 
(2.1 m); (107 min.); (40 m); Cu® (3.2 hr.); 
Ga®® (68 m); (105 m); Ag!®* (25 min.); (14 m). 
The following e~ emitters have been found: Cu®™ (12 hr.); 
Ga™® (18.2 m); Br®® (18 m, 4 hr.); Br® (36 hr.); Ma* (0.5 m, 
31 m); Ag?®8 (2.4 min.). In most cases these periods check 
with previous observations. Yield curves for + and — 
emitting isotopes of the same element (Ga**: 7) show 
pronounced differences, as do the curves for the two 
periods of Br®®. The excitation function for the O'8 p-n 
reaction shows a peak at 3.6 Mev, the top of the potential 
barrier. 


24. The Radioactive Isotopes of Zinc. R. L. THORNTON, 
University of Michigan.—The radioactive isotopes of zinc 
have been investigated through the bombardment of Zn 
and the neighboring elements Cu and Ga with high energy 
deuterons and with slow and fast (Li+D) neutrons. 
Chemical separations of the bombarded element were 
made and the observed half-periods in Zn are shown in 
the following table. 


Bombarded 
Element Projectile Periods Observed in Zn 
Zn D 60 min., 14 hr. (4 d., 30d.) 
Zn Slow neutrons 60 min., ~10 hr. (weak) 
Zn Fast neutrons 40 min., 14 hr. 
Cu D 65 min. 
Ga D i4hr. (in addition to 


other periods) 


These results, in combination with those of other workers, 
make possible a provisional assignment of the observed 
periods as follows: Zn® 35 min., Zn®*° 1 hr., Zn®™ 14 hr. 
This is on the reasonable assumption that the 40 min. 
period observed from fast neutron bombardment of Zn is 
really due to a combination of the known 35 min. period 
of Zn® with the 1 hr. period found from the other reactions. 
It would seem reasonable also to ascribe to Zn” a period 
either of 4 d. or 30 d. These activities however are not 
strong and must be investigated further. The observation 
that radioactivity is produced in Zn through deuteron 
bombardment of copper would suggest either a (D, y) 
reaction from Cu® or a (D, 2m) reaction from Cu®, since 
the observed intensity makes Zn contamination of the Cu 
unlikely. 


25. (Abstract withdrawn.) 


26. On the Thermoelastics and Structure of Rubber. 
F. E. DART AND EUGENE GuTH, University of Notre Dame. 
(Introduced by George B. Collins.)—In an exactly analogous 
manner as for gases, one can formulate for rubber a state 
equation for unilateral deformations by studying its 
thermoelastic behavior. From such a state equation im- 
portant conclusions may be drawn toward a molecular 
theory of the rubber structure. Experimentally one can get 
information on the state equation of rubber (or any other 
material) by investigation of: (1) The stress-strain diagram 
at different temperatures; (2) The dependency of the stress 
on the temperature at constant length; (3) The dependency 
of the length on temperature at constant stress. (1) was 
handled by Ornstein and his co-workers, but only in the 
adiabatic case. (2) was handled by Meyer and E. Ferri. (3) 
was handled by M. L. Braun and also H. Bouasse. Meyer- 
Ferri and Braun investigated samples of almost the same 
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composition and vulcanization but their results differ. 
Our general conclusion is, that there are samples of rubber 
for which a state equation of the van der Waals type holds. 
This is also in accordance with the new statistical theory of 
the elasticity of rubber. Further experiments under well- 
defined conditions are still in progress at University of 
Notre Dame. 

' E. Guth, “Statistical Theory of the Elasticity of Natural and Arti- 
ficial Rubber and Similar Long Chain Compounds,"’ Paper presented 


at the International Conference on Rubber, Paris, aes 1937; “Revue 
general du Caoutchouc,”’ in print. 


27. Air Driven Tubular Vacuum Type Centrifuge. J. W. 
BEAMS AND C. SKARSTROM, University of Virginia.—The 
method! of spinning long tubes and rods in a vacuum has 
been improved and extended. By reducing the free air 
space directly beneath the driving turbine, much heavier 
rotors may be supported upon the air cushion by simply 
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increasing the pressure of the air. Rotors weighing 75 lbs. 
have been supported and spun with ease. Rods 25 inches 
long and 2 inches in diameter have been spun with great 
stability. The maximum rotational speed in all cases is set 
only by the strength of the rotor. A multi-stage vacuum 
type centrifuge for vapors consisting of 19 ‘theoretical’ 
centrifuges connected in series and mounted in an alloy 
steel tube 14 inches long and 4 inches in diameter has been 
constructed. The application of the tubular centrifuge to 
the separation of isotopes is discussed. 


1 Beams, Linke and Skarstrom, Science 86, 293 (1937). 


28. A Convenient Light Source for a Ten Inch Wilson 
Cloud Chamber. Witson M. PoweELi, Kenyon College.— 
The new Westinghouse coil-coil filament 60 watt clear 
lamp is arranged with the filament in a straight line. 
This type of filament will replace the usual type in all 
common bulbs in the future and can be purchased for 20 
cents. It is possible to choose bulbs such that when 
the back surface is silvered on the outside the image 
from the mirror falls directly above and in the plane 
of the filament itself. Two plano-convex lenses six inches in 
diameter and nine inches in focal length are placed before 
the bulb with their convex surfaces together. They are 
adjusted so that an image of the double filament exactly 
fills the edge of the cloud chamber. A mirror on the far 
side of the chamber reflects the light back through again. 
By using four bulbs with their corresponding condensers 
and operating them on 220 volts d.c., good photographs of 
cosmic-ray tracks were obtained on ‘‘Super-X Panchro- 
matic”’ film at f: 3.5. The lights were turned on automati- 
cally by counter control for about 1/15th of a second. No 
shutter was used on the camera. The bulbs were still in good 
condition after 100 flashes. This work was done at the 
Bartol Research Laboratory. 


29. Effect of Valence Electrons on Intensities in Llec- 
tron Scattering from Zinc Oxide. Vivian A. JOHNSON AND 
Husert M. James, Purdue University—A comparison of 
the intensities in electron and x-ray diffraction patterns 
from zinc oxide discloses systematic anomalies, if, as is 
usual, one employs formulas valid for a system of spheri- 
cally symmetric atoms.! The qualitative character of the 
discrepancies indicates a polarization of the atoms parallel 
to the line between each zinc atom and the nearest neigh- 
boring oxygen. It has been shown that the anomalies can- 
not be due to polarization of the inner shells of the atoms 
by intracrystalline fields.2 To determine solution theory 
they can be due to the asymmetrical distribution of the 
relatively few valence electrons, we have carried out com- 
putations with a simple model. Two of the valence elec- 
trons of each zinc-oxygen pair of nearest neighbors we have 
supposed to be in uniform distribution through the crystal, 
the other two in a uniform linear distribution between the 
neighboring nuclei. The form factor for this distribution 
was added to the Pauling-Sherman® expression for the 
symmetrical distribution of the other electrons, and the 
total used in computing corrected structure factors for the 
crystal. Within the limits of experimental error these cor- 


rected structure factors agree with those obtained from 
measured electron diffraction intensities. 


1H. J. Yearian and K. Lark-Horovitz, Phys. Rev. 42, 905 (1932). 
K. Lark-Horovitz, H. J. Yearian and J. D. Howe, Phys. Rev. 47, 331 
(1935). H. J. Yearian, Phys. Rev. 48, 631 (1935). 

2V. A. Johnson and L. W. Nordheim, Phys. Rev. 51, 1002 (1937). 

3L. Pauling and J. Sherman, Zeits. f. Krist. 81, 1 (1932). 


30. Secondary Emission of Electrons from Sodium 
Films on Tantalum.* Paut L. CopeLtanp. The Research 
Foundation, Armour Institute of Technology.—Sodium 
films condensed on tantalum plates in vacuum lacked luster, 
and, although the photoelectric work function was very 
low, secondary emission (as in work by Bruining and Boer!) 
was very low. Mild heat treatment increased luster and the 
secondary emission rose to maxima of about five secondaries 
per primary. When logarithms of secondary to primary 
ratios are plotted against primary energies, slopes just 
beyond the maxima are characteristic of sodium. For higher 
primary energies slopes are characteristic of tantalum. 
The primary’ energy corresponding to the inflection in- 
creases with film thickness. Measurement of films was 
made by microtitration of the sodium with dilute hydro- 
chloric acid using phenolphthalein as indicator. Inflections 
at 2.5, 3.5, 3.8, 3.2 and 3.7 kilovolts correspond respec- 
tively to measurements of 2, 6, 7, 8, and 9 micrograms of 
sodium per square centimeter. Inconsistencies in this 
sequence indicate errors which may be as great as 25 per- 
cent. All the evidence, however, indicates that films of 
sodium 200 monatomic layers thick on tantalum yield 
secondary emission characteristic of the sodium up to 
primary energies of about 3 kilovolts; for higher energies 
the characteristics of the tantalum begin to influence the 
results. 


* Preliminary report of work supported in part by a grant-in-aid from 
the National Research Council. 
1 Physica 4, 473 (1937). 


31. Design and Construction of an Electron Velocity 
Analyzer for Ionization Probability Measurements. M. E. 
BELL, E. A. CooMEs, AND W. B. NotrinGHAM, Massachu- 
setts Institute of Technology.—A tube constructed by M. E. 
Bell used an indirectly heated ‘‘oxide’’ cathode electron 
source. The electrons were accelerated into a semi-circular 
“magnetic” analyzer with 0.4 mm entrance and exit slits. 
Electrons leaving the analyzer were accelerated into the ion 
chamber, also semi-circular, with slits defining a circle with 
3 cm radius. An electron collector at the exit slit converted 
the chamber into a second velocity ‘spectrometer.’ 
Results obtained were in general agreement with E. O. 
Lawrence! except for an apparent yield of ions at less 
than 10.4 ev. To distinguish between electrons leaving 
the ion collector and ions arriving two grids surrounding 
the collector are needed. E. A. Coomes rebuilt the original 
tube with this modification but was unsuccessful because 
the cathode heating current disturbed the magnetic field. 
A third tube built by W. B. Nottingham used a thoriated 
filament heated by 300 cycle pulsating current as the elec- 
tron source and such carefully constructed parts that the 
tube serves as a means of determining e/m for the electron. 
(1.760+.003 X10’ abs. e.m.u.) Since this is possible, an 
absolute scale of electron energies is thus available and the 
ionization probability curve may be accurately placed 


on the energy spectrum without making any assumptions 
as to contact difference in potential. 


1E. O. Lawrence, Phys. Rev. 28, 947 (1926). 


32. Ionization of Mercury Atoms as a Function of the 
Bombarding Electron Energy. W. B. NotrincHam, Massa- 
chusetts Institute of Technology.—The experimental tube 
described in the above abstract has been used to determine 
the ionization produced in mercury vapor as a function 
of the electron energy. The salient results obtained are the 
following: (1) Ionization commences at 10.38 volts with a 
sharply rising probability curve of small magnitude com- 
pared with that of the second mode of ionization. (2) 
Electrons with an energy of 10.9 electron-volts have about 


sixteen times higher probability of ionization than those 
with 10.4 electren-volts. (3) The probability curve has a 
maximum at this energy as was shown by the experiments 
of E. O. Lawrence, although he computed its value as 11.29 
volts on the assumption that no contact difference in 
potential existed between the inside and the outside of the 
ion chamber. (4) The photoelectric emission produced by 
the radiation from the excited atoms is remarkably strong 
and shows many sharp maxima and minima which would, 
of necessity, be confused with “‘ultra-ionization” potentials 
unless special provision were made to eliminate this effect. 
This may very well account for the many critical potentials 
observed by P. T. Smith.? 


1P, T. Smith, Phys. Rev. 37, 808 (1931). 


33. The Distribution of Energies Among the Incoming 
Cosmic-Ray Electrons. I. S. Bowen, R. A. MILLIKAN AND 
H. V. NEHER, California Institute of Technology—The 
distribution of energies has been studied by taking cosmic- 
ray ionization curves practically up to the top of the 
atmosphere at four different latitudes between 0° and 60° NV 
magnetic. The maximum number of incoming electrons 
is found at about 5 billion e-volts. The numbers fall off 
to very small values above 30 billion e-volts and also below 
3 billion e-volts. In other words, the incoming particle 
rays are largely limited to a definite band of energies either 
because of the mode of origin of the rays or because of this, 
plus possible blocking effects of celestial magnetic or 
electric fields. 


34. The East-West Effect in Southern India. H. V. 
NEHER, California Institute of Technology.—In the month 
of November 1936 two sets of three large (37 cm X7 cm) 
Geiger-Miiller counters were used to measure the East- 
West effect at Kodaikanal (geomagnetic latitude 0°, ele- 
vation 7800 ft.) in southern India. One set was used to 
measure the azimuthal effect while the other recorded the 
zenith angle effect. Comparison of one set of readings 
with the other shows that the data are self consistent. 
Somewhat larger relative values of the West excess are 
found than those reported by Johnson! in Peru. By using 
the data of Bowen, Millikan and Neher? and of Johnson! 
on the apparent absorption coefficient of the radiation due 
to charged particles, an empirical relationship is found 
connecting » and E£. Further, an empirical formula is found 
from the balloon data of Bowen, Millikan and Neher? for 
the energy distribution of the particles incident on the top 
of the atmosphere. An application of these two relationships 
to the East-West effect explains satisfactorily the West 
excess at the equator. This indicates that the charged 
particles responsible for the West excess are of the same 
nature as those which give the latitude effect—namely, 
electrons. The analysis further indicates that of the total 


THURSDAY MORNING AT 10:00 o’CLOCK 


Green Room 


radiation at 7800 ft. elevation in southern India at least 
one-fourth is due to positrons. 


1T. H. Johnson, Phys. Rev. 48, 287 (1935). 
2? Phys. Rev. 52, 80 (1937). 
3 Some data are used which will be published in the near future. 


35. The Latitude Effect for Cosmic-Ray Showers. W. H. 
PICKERING AND H. V. NEHER, California Institute of 
Technology.—Two Geiger counter sets have been taken 
from San Francisco to India via Japan and return via 
Australia. Both the vertical intensity and the shower in- 
tensity were measured as a function of latitude. By using 
large counters in the Neher-Harper circuit,! quite reliable 
results were obtained. The latitude effect for the vertical 
rays was found to be 14.5 percent in the region of the East 
Indies and 10 percent in the Pacific Ocean. Both these 
results are in good agreement with those found with elec- 
troscopes in the same regions.? The showers show a much 
smaller latitude effect amounting to about 6 percent in the 
East Indies. There is also some evidence that the “‘plateau”’ 
of the curve giving the variation of the showers with 
latitude extends to lower latitudes than the corresponding 
‘“‘plateau”’ of the curve for the vertical rays. These results 
show that the latitude sensitive part of the radiation is 
relatively not as efficient at producing showers as the 
nonlatitude sensitive component. 


1 Neher and Harper, Phys. Rev. 49, 940 (1936). 
? Millikan and Neher, Phys. Rev. 47, 205 (1935). 


36. The Energy Flux of the Corpuscular Cosmic Radia- 
tion. C. G. MONTGOMERY AND D. D. Montcomery, Bartol 
Research Foundation of the Franklin Institute.—Recent 
improvements in the measurement of very high energies 
in cloud expansion chambers make it possible to estimate 
what fraction of the total cosmic ray energy crossing a 
horizontal surface occurs in the form of kinetic energy of 
charged corpuscular rays. The total amount of the energy 
flux may be obtained by integrating the cosmic-ray ioniza- 
tion from the point considered to infinity, since all of the 
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cosmic-ray energy is eventually dissipated in the ionization 
and excitation of atoms. The energy flux is conveniently 
expressed by the mean energy per corpuscular ray recorded 
in a counter telescope. This mean energy is computed for 
vertical rays from the data of various observers, and is 
found to increase continuously from a minimum value near 
the top of the atmosphere as the atmospheric depth in- 
creases. The value at sea level is 3.04 x 10° volts. The mean 
energy measured by P. M. S. Blackett in his expansion 
chamber is 3.11 < 10° volts. We therefore conclude that, at 
sea level, practically all of the cosmic-ray energy is carried 
by charged particles. This is not in accord with the theo- 
retical behavior of a beam of electrons and their secondaries, 
since in that case half of the energy would be in the form 
of photons. 


37. Cosmic Radiation and the Earth’s Magnetism. 
Tuomas H. Jounson, The Bartol Research Foundation of 
the Franklin Institute-——The ratio of the variation of the 
vertical cosmic-ray intensity, j, to the variation of H at the 
equator is of the same order of magnitude for both the 
magnetic storm effect and the diurnal effect. Within the 
limits of uncertainty, (1) For both effects: Hdj/jdH +10. 
This means that if a magnetic interpretation can be given 
to the storm effect it will also explain the diurnal effect. 
On the assumption that the effects are due to a variation 
in the earth’s magnetic moment, M, consistency with the 
latitude, asymmetry and longitude effects requires that 
(2): Mdj/jdM +0.2. Combining (1) and (2), dM/dH =50a* 
which is fifty times greater than that arising from an 
internal disturbance. If the disturbance were caused by a 
system of external circular currents distributed as cos \ 
over the surface of a sphere of radius a’ greater than the 
radius of the earth, a, then dM/dH=(2a"—a')/3 which 
reduces to a*/3 if the currents are in the outer atmosphere. 
It is necessary to have a’ =4a if numerical agreement is to 
be realized, but this result is trivial since such a system 
would weaken rather than strengthen the field in the 
space where most of the deflection of the cosmic rays takes 
place. It is concluded that the cosmic-ray variations due to 
storm and diurnal effects are about 150 times greater than 
can be accounted for by a change in the earth’s moment. 


38. A New Analysis of Cosmic Radiaiion Including the 
Hard Component. L. W. Norpuerm, Duke University.— 
A careful comparison of the high altitude cosmic-ray data 
at different latitudes' gives very strong support to the 
assumption of practically quantitative validity of the 
radiation theory up to energies of some 10! ev. The analy- 
sis shows further the necessity of a separate “hard com- 
ponent” and allows an estimate of its intensity at high 
altitudes. These data together with the geomagnetic effect 
at sea level, the energy distribution near sea level? and the 
absorption curve at great depths below sea level? (all 
pertaining to the hard component) can be explained 
simultaneously by assuming that, in addition to normal 
ionization, the hard rays are absorbed by a discontinuous 
process (probably connected with shower production) 
the cross section of which decreases for increasing energy. 
A reasonably good quantitative representation of all the 


data mentioned is given by a primary distribution’ pro- 
portional to E~" (E=energy; n~3) for both electronic and 
hard rays with electrons being the more numerous and 
behaving according to theory, and the absorption coeffi- 
cient for the hard rays being proportional to E~ for 
E>3X10° ev. A large number of other facts (especially 
about showers) gives a qualitative confirmation of this 
picture. 


1 Pfotzer, Zeits. f. Physik 102, 41 (1936) (geomagnetic latitude 50°); 
Bowen, Millikan, Korff and Neher, Phys. Rev. 50, 579 (1936) (38.5°); 
Bowen, Millikan and Neher, Phys. Rev. 52, 80 (1937) (3°). 

2 Blackett, Proc. Roy. Soc. A159, 1 (1937). 

3 As already suggested by Heitler, Proc. Roy. Soc. A161, 1 (1937), and 
Nordheim, Phys. Rev. 51, 1110 (1937). 


39. Energy Losses of Pauli-Weisskopf Particles. J. F. 
Carson, Purdue University —The work of Anderson and 
Neddermeyer! and of Street and Stevenson? lends plausi- 
bility to the idea of the existence of a corpuscular com- 
ponent in the cosmic rays that can be identified neither 
with particles of electronic nor of protonic mass. Street 
and Stevenson’ offer evidence that this mass is in the 
neighborhood of 100 times the electronic mass. Since the 
information about these particles is as yet incomplete, it 
will be of some interest to compare the behavior to be ex- 
pected if these particles possess a spin of 3 unit, i.e., satisfy 
a Dirac wave equation, or if they should have zero spin and 
be described by a scalar wave function proposed by Pauli 
and Weisskopf.‘ The various methods of energy loss for 
particles satisfying the Pauli-Weisskopf scalar equation 
have been investigated and a comparison of these results 
with the results obtained for a particle possessing spin will 
be given. 


1 Neddermeyer and Anderson, Phys. Rev. 51, 884 (1937). 
2 Street and Stevenson, Phys. Rev. 51, 1005 (1937). 

3 Street and Stevenson, Phys. Rev. 52, 1003 (1937). 

* Pauli and Weisskopf, Helv. Phys. Acta 27, 709 (1934). 


40. Cosmic-Ray Observations in the Stratosphere. L. F. 
Curtiss, A. V. AsTINn, S, A. Korrr, L. L. StocKMANN AND 
B. W. Brown, National Bureau of Standards and Depart- 
ment of Terrestrial Magnetism, Carnegie Institution.—Using 
radio methods it has been found possible to record the 
response of a Geiger-Miiller tube counter to cosmic rays 
at altitudes up to 116,000 feet. Records were made auto- 
matically by means of a recording receiver at a ground 
station. The averaged results from the 12 highest flights 
show a gradual rise in cosmic-ray intensity which is 
clearly evident at a pressure of about 500 millibars and 
then decreases slightly at a pressure of about 300 millibars 
after which the rise to maximum intensity at a pressure 
of about 100 millibars is very rapid. This maximum is 
about 150 times the count recorded near the ground level 
and is followed by a rapid decrease in counting rate at 
pressures below 100 millibars. At the highest altitude 
reached, approximately 116,000 feet, where the pressure 
is only 5 millibars, the counting rate falls to a value which 
is about the same as that observed at a pressure of 500 
millibars. The general trend of these observations indi- 
cates that as the limit of the atmosphere is approached the 
counts continue to decrease, confirming the view which has 
been put forward by other observers that the greater part 
of cosmic-ray phenomena are due to secondary effects 
generated within our atmosphere. 


41. The Infrared Absorption by the Selenium Hydrides. 
WILL1aM C, SEARS, DONALD M. CAMERON AND HARALD H. 
NIELSEN, Ohio State University —The fundamental bands 
in the infrared absorption spectra of the molecules H.Se, 
HDSe and D,Se have been located and preliminary meas- 
urements on their rotational structures carried out. H2Se: 
The centers of the fundamental bands for H2Se, adopting 
Dennison’s notation, are as follows: »,;=2300 cm™, 
ve=1110 cm and v3 =2380 Their identification rests 
on the fact that the bands at 2300 cm™ and 1110 cm 
appear to have similar structures while that at 2380 cm™ 
is different, showing a gathered Q branch at the center. 
The rotational spacings in all three bands, which are quite 
regular except at the center, appear to be the same and 
equal to about 7.8 cm~. HDSe: For this molecule the fre- 
quencies are: v;=1610 cm™, v2=910 and »3=2385 
cm. Here the rotational spacings are known only for v2 
and v; and these are equal to about 5.5 cm. The frequency 
v; shows a gathered Q branch while v2 and »; do not. D2Se: 
For this molecule only vz and v3 have been identified. v2 oc- 
curs near 760 cm™ while vs is found to be at 1700 cm™ 
The spacings are known definitely only for vz and are equal 
to about 4.0 cm™ or approximately one-half of the spacings 
for the lines in the H,Se bands. 


42. The Zeeman Effect of Gold. H. N. MAxwe.t, 
Hood College, AND J. B. GREEN, Ohio State University.— 
Several of the classifications of Au I by Symons and Daley! 
in the region of \A5000-6000A have been verified by Zee- 
man effect measurements, and the g values determined. 
For the 5d'%6s, 5d*°6p, 5d'°7s, 5d!6d, and 5d%6s? the g 
values are unperturbed; but those for the 5d°6s6p and 
5d°6s6d are perturbed from the LS-coupling values. The 
spectrum of Au II has been investigated by McLennan and 
McLay,? by Rao* and by Mack and Fromer.‘ No classifica- 
tions of Au II lines in the region \\4760—5726 have been 
made. This region seems to be rich in lines, but the wave- 
lengths found in the tables are in disagreement (sometimes 
as much as 1.5A) with our measurements. Several well- 
defined multiplets appear, which, if the above classifications 
are correct, indicate transitions between a previously un- 
identified configuration, 5d*6s6p, and 5d*6s7s or 5d°6d. 


1 Proc. Phys. Soc. London 41, 431 (1928). 
2 Proc. Roy. Soc. Canada 22, 103 (1928). 
§ Proc. Roy. Soc. Al and 2, 118 (1933). 

4 Phys. Rev. 48, 357 (1935). 


43. The Zeeman Effect of Selenium II. J. B. GREEN, 
Ohio State University, AND R. A. Lorinc, University of 
Louisville—The Zeeman effect of selenium II has been 
studied in fields of about 37,500 gauss. The selenium was 
introduced in powdered form into a brass rod which served 
as an electromagnetic interrupter and the metal vaporized 
readily. To date, several of the strongest lines have been 
measured, principally those involved in transitions between 
4s4p* and 4s*4p*5s with 457495. The g values are all per- 
turbed from LS-coupling values, but the assignments of 
J values by Martin! are generally in agreement with the 
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observed patterns; with the exception (so far) of 21° which 
has a J value of # instead of 5/2 as assigned by Martin. 
1 Phys. Rev. 48, 938 (1935). 


44. Raman Spectra of Disubstituted Acetylenes. For- 
REST F. CLEVELAND AND M. J. Murray, Lynchburg Col- 
lege, Lynchburg, Virginia.—The Raman spectra of (a) 
CsHs-C=C-CH:-Cl, (b) (c) 
(d) CsH;-C=C-CH:-OH, 
(e) CsHs-C=C-CH2-CH2-OH, (f) CseHs-C=C-CH:-Br 
have been measured by means of apparatus previously de- 
scribed.! Compounds b and e have also been measured by 
Faucounau? and compound d by Gredy.* No measurements 
on a, c, and f seem to have been reported. The characteristic 
acetylenic frequency at 2200-2300 cm™ is double in many 
disubstituted acetylenes.* Gredy has found that if one of the 
substituents is a phenyl group, the line of lesser intensity is 
of lower frequency. The present results verify this conclu- 
sion for compound d, but for compounds a and f, prepared 
from d, the weaker line has a higher frequency. The acetyl- 
enic frequency is double in a, d, and f, but is broad, intense, 
and apparently single in the remainder of the compounds. 
The sum of the widths (in hundredths of a mm) of the two 
lines in @ is 32, the width of the single line in b is 27, and in c 
the width is 22. Since the line of comparable intensity at 
1600 cm™ has a width of only 16 and since the above 
widths decrease as additional CHe groups are inserted, it 
seems probable that the single broad line in b, and perhaps 
also in c, may be an unresolved doublet. Preliminary at- 
tempts to resolve it by use of a grating have proved un- 
successful. Experiments designed to determine qualitatively 
the depolarization factors of the acetylenic frequencies are 
now in progress. 

1 Cleveland and Murray, Am. Phys. Teacher 5, 270 (1937). 

2 Louis Faucounau, Comptes oO 199, 605 (1934). 

3 sate Gredy, Theses (Paris, 1935). 

‘J. H. Hibben, Chem. Rev. 18, seh (1936). 

45. Raman Spectra of Some Inorganic Compounds. J. 
Rup NIgevseEn, N. E. WARD AND H. Dopson, University of 
Oklahoma.—The Raman spectra of aqueous solutions of 
sodium metaborate, borax and sodium aluminate and of 
crystalline sodium metaborate, borax, boric acid, halides of 
cadmium, zinc and mercury, and potassium cyanate have 
been investigated. With sodium metaborate solutions pro- 
longed exposures yielded two faint and diffuse frequencies in 
addition to that already reported.! The latter frequency was 
found, practically unchanged, in crystalline metaborate. 
These facts show that the metaborate ion cannot be tri- 
atomic and linear, as previously assumed.! The crystal 
powders were observed with the technique developed by 
Ananthakrishnan.? New frequencies were found with most 
of the crystals already studied. Thus, with mercuric 
chloride two new low frequencies were observed, while with 
boric acid twice as many frequencies were found as ob- 
served by Ananthakrishnan.’ Attempts are being made to 
correlate the Raman spectra with the erystal structures. 


1J. Rud Nielsen and N. E. Ward, J. Chem. Phys. 5, 201 (1937). 
2 R. Ananthakrishnan, Proc. Ind. Acad. Sci. Hy 76 (1937). 
3 R. Ananthakrishnan, Proc. Ind. Acad. Sci. 5, 200 (1937). 
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46. The Signs of the Nuclear Magnetic Moments of Li’ and 
Joun E. GornaM, Columbia University.—Nonadiabatic 
transitions between magnetic quantum states of atoms in 
an atomic beam were used to show that the signs of the 
nuclear magnetic moments of Li® and K“ are positive.’ A 
beam of atoms 230 cm in length was passed through a 
weak nonhomogeneous field 153 cm long, a selecting slit, a 
weak transition field whose direction changed rapidly with 
respect to the atoms, a strong field, and was detected on a 
hot tungsten wire. 

11. I. Rabi, Phys. Rev. 49, 324 (1936). 


47. Absolute Nuclear Moment of Indium 115. S. Mit- 
MAN, I. I. Ras, Columbia University, AND J. R. ZACHARIAS, 
Hunter College-—The atomic beam method of zero mo- 
ments has been applied to indium to measure the nuclear 
spin and the hfs Av of the normal *P 1/2 state. The spin was 
found to be 9/2 and the Avy=0.381 cm™ in agreement with 
spectroscopic results. The resolving power attained was 
sufficiently high to allow a measurement of the fine struc- 
ture of the zero moment peaks. From the separation of the 
two m=—3 peaks of AH/H=0.0193 we calculate the 
moment of indium to be 6.65 +3 percent nuclear magnetons. 
This value does not depend on any assumptions with regard 
to the nature of the interaction between the nuclear spin 
and the electron configuration. Zero moment peaks arising 
from the metastable *P 3/2 state, lying 2212.6 wave numbers 


above the *P 1/2, were found. The intensity of these peaks is 
in good agreement with what is expected from quantum 
statistics. Their exact location will permit an evaluation of 
the nuclear quadrupole moment. 


48. On the Magnetic Moments of Neon and Helium. 
J. M. B. KELLOGG AND NorMAn F. Ramsey, Columbia Uni- 
versity.—It is generally assumed that the nuclear spins of 
the isotopes having even atomic weights and even atomic 
numbers are zero. For elements of this type where the spin 
is not known from band spectra, the possibility remains that 
the spin is not zero but that the magnetic moment is very 
small. With an atomic beam apparatus capable of detecting 
a magnetic moment of the order of 0.05 nuclear magnetons 
which is half as large as the smallest nonzero nuclear mo- 
ment hitherto reported, the elements neon and argon have 
been investigated for the presence of a magnetic moment. 
Deflection of the atoms was produced in an inhomogeneous 
magnetic field of length 48 cm and maximum gradient 
110,000 gauss/cm. The diminution in intensity at the center 
of the undeflected beam was determined quantitatively 
with a Stern-Pirani detector. Helium, spin zero, showed no 
change in intensity. The weakening of the beam in the 
cases of neon and argon could be accounted for by the 
diamagnetic moments of these elements. Thus, if neon and 
argon have a magnetic moment, it is less than 0.05 nuclear 
magnetons. 
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49. *Tabulation and Study of the Energy Levels of the 
Asymmetrical Rotator.. Enos E. Witmer, University of 
Pennsylvania.—In a previous abstract? the author stated 
that there is a very close correspondence between the 
doublet energy levels of the asymmetrical rotator according 
to quantum mechanics and the energy levels according to 
the old quantum theory and gave the formulas which 
link the two theories. Therefore a usable formula for 
Te(S; M2/J) is of value to the spectroscopists. The following 
formula for the epicycloidal motions, which is derived 
rigorously, is rapidly convergent over a very large part of 
the domain of 7,. Let y=(1—s)4#(1—m2/J). Then 


re(s: 9) 
1 
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* To be read by title. ° 

1 With the support of a grant from the Penrose Fund of the American 
Philosophical Society. 

2 E. E. Witmer, Phys. Rev. 51, 1001 (1937). 
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50. The Experimental Verification of the Quantum 
Mechanical Dispersion Theory by Reflections and Diffuse 
Scattering of X-Rays from Zinc. W. A. BRucE AND G. E. 
M. Jauncey, Washington University, St. Louis, Mo.— 
Experimental values of Af are obtained by correcting AF 
for thermal vibrations, since 


Af = (Fhe. — XY), K =(sin 
M(K, =(a cos? y+5 sin? y)K? 


and is determined from diffuse scattering experiments. 
is taken from Miller,’ while Fy21.54 is taken from 
Wollan and Harvey,? and Brindley.’ The reflection experi- 
ments and the diffuse scattering experiments were all done 
at approximately the same temperature. The values of @ 
and b as obtained from our diffuse experiments* are 2.27 
and 0.64A?. An average of Af obtained by using Miller and 
Brindley’s F values and values of a and } determined by 
diffuse scattering gives Af,,,.=2.35. Hénl,* in a quantum- 
mechanical treatment of the dispersion theory, gives a 
value of Af (for \=.71A and \=1.54A) of 2.36. M may 
be obtained by other means. Afs obtained with these 
other Ms are also averaged and compared. 


1R. D. Miller, Phys. Rev. 51, 959 (1937). 

2E. O. Wollan, G. G. Harvey, Phys. Rev.51, 1054 (1937). 

3G. W. Brindley, Phil. Mag. 21, 790 (1936). 

4G. E. M. Jauncey and W. A. Bruce, Phys. Rev. 51, 1067 (1937). 
5H. Hénl, Zeits. f. Physik 84, 1 (1933). 


where 


51. Position of the Center of the Compton Modified 
Band. G. E. M. JAUNCEY, Washington University, St. Louis, 
Missouri.—Several experimenters! have found the center 
of the Compton modified band to be shifted slightly from 
its position as given by Compton’s simple theory. Jauncey’s 
theory? of the profile of the modified band is based on the 
assumption that the scattered photons which give rise to 
the band may be treated as having bounced off free elec- 
trons having the same distribution of speeds as the actual 
electrons in the scattering substance. Later, Jauncey® 
showed that to a first approximation, if the component 
velocity distribution function of the atomic electrons is 
f(u), the profile of the Compton band is given by f(Ax), 
where A =c/sin x=(Ac—2’)/Ac, and and are 
respectively the wave-lengths of the actually scattered 
and the “Compton” scattered x-rays. To a higher degree 
of approximation it is now shown that the profile is given 
by (1—2bx)-f(Ax(1+bx)), where b=(1-+cosec? }¢)/2. 
This profile is not symmetrical about x =0 even though f(x) 
is symmetrical about ~=0. A Maxwell distribution with a 
most probable speed of 25 volts gives a shift of 0.23 X.U. 
for Mo Ka rays at ¢=180°. 


1 Ross and Kirkpatrick, Phys. Rev. 46, 668 (1934). Kirkpatrick, 
Ross and Ritland, Phys. Rev. 50, 928 (1936). DuMond and Kirkpatrick, 
Phys. Rev. 52, 419 (1937). 

2 Jauncey, Phil. Mag. 49, 427 (1925); Phys. Rev. 25, 314 and 723 
(1925). 

3 Jauncey, Phys. Rev. 46, 668 (1934). 


52. A Theory of the X-Ray Absorption Edges and Their 
Fine Structure in Ionic Compounds. Ro_F LANDsHOFF, 
University of Minnesota.—It is assumed that the act of 
absorption lifts the electron into the unoccupied outer 
shell of a nearby cation, to the nearest for the edge and 


to those farther away for the short wave satellites. The 
older theory pictured the electron as jumping into one of 
the traveling states. Its main disadvantage is, that the 
removal of an electron from the emitting ion gives rise to 
an electric field in the neighborhood of this ion, and 
therefore to a polarization energy which should be con- 
sidered in the energy balance, but which spoils the good 
numerical agreement. The present theory restores this 
agreement. The occurrence of discrete localized levels 
below the continuum of traveling states has already been 
stated by Slater! and v. Hippel? in the theory of the ultra- 
violet absorption of ionic crystals. From the experiments 
of Brewington* this seems to be even more distinct in the 
case of the x-ray absorption with a more pronounced line 


structure near the edge. 


! Slater and Shockley, Phys. Rev. 50, 705 (1936). 
vy. Hippel, Zeits. f. Physik 101, 680 (1936). 
3 Brewington, Phys. Rev. 46, 861 (1934). 


53. The Use of Intensifying Screens in X-Ray Diffrac- 
tion Work. CARL GAMERTSFELDER AND NEWELL S. GING- 
RICH, University of Missouri.—The photographic method 
of investigating x-ray diffraction by liquids has given 
reliable relative intensity measurements, but it has the 
disadvantage that long exposure times are required. A 
Fluorazure intensifying screen has been used in an attempt 
to decrease this exposure time, and an investigation is 
being made to determine the reliability of intensity 
measurements using a film in conjunction with an intensi- 
fying screen. Diffraction patterns of liquid potassium with 
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Mo Ka radiation have been obtained with and without an 
intensifying screen and microphotometer curves have been 
obtained from them. The relation between blackening and 
intensity for the film alone does not hold when an intensi- 
fying screen is used. In order to obtain the relation between 
x-ray intensity and blackening of the film, the Mo Ka and 
Cu Ka lines, reflected from a calcite crystal, have been 
recorded on films with and without intensifying screens, 
and through various filters of known materials and thick- 
nesses. These experiments show that the intensifying 
factor, using Cu Ka, varies from about 1.2 at a film black- 
ening of 0.12 to about 2 at 0.46, and the intensifying factor 
using Mo Ka varies from about 5 at a film blackening of 
0.14 to about 12 at 0.52. There is no indication of an 
increase in line width with the screen, and there has been 
no difficulty with afterglow. 


54. The Determination of the Characteristic Tempera- 
ture of MgO from X-Ray Measurements. H. S. RIBNER 
AND E. O. WoLLAN, Washington University —The char- 
acteristic temperature © of a simple crystal can be de- 
termined from measurements of the ratio of the intensities 
of a regularly reflected x-ray line at two different tempera- 
tures, at various values of sin 6/A. We have made such 
measurements for MgO at room temperature and at the 
temperature of liquid air by a photographic method and 
have analyzed the results by a procedure which does not 
require a knowledge of the absolute ratio of the intensities 
at the two temperatures. The value of @ which we obtain 
in this way is equal to 721°+21°K. This corresponds to a 
root mean square amplitude of thermal vibration of the 
atoms of 0.069A at room temperature. The characteristic 
temperature has also been obtained by comparing the 
experimental scattering factor for MgO at room tempera- 
ture with the theoretical scattering factor for the atom at 
rest and the result is found to show satisfactory agreement 
with the above mentioned value. A value for © can also 
be calculated from specific heat data, and the relation 
between the value so obtained and that obtained by x-ray 
measurements will be discussed. 


55. The Effect of Lattice Enlargement upon Our Ideas 
of Order versus Disorder in Crystals, Including Mix- 
Crystals. F. C. BLAKE, Ohio State University—In 1918 
Professor Max von Laue, in discussing mix-crystals, stated 
the two alternative views of such crystals for certain 
ternary compounds: (a) random distribution of two of the 
three atoms involved; (b) a great enlargement of the unit 
cell with an ordered arrangement of the two atoms that 
normally would substitute for each other in (a). No one 
seems adequately to have studied the possibilities of view 
(b), since, in general, “superlattice” lines tend to appear 
due to the difference in scattering power of the two 
substitutional atoms for first and higher ofder reflections. 
By enlarging the lattice to a definite but finite size it is 
possible to determine ar “ordered” arrangement that is 
the exact equivalent of the random distribution (a). 
Details of this arrangement for one type of cubic crystals 
will be given. This means, of course, that all superlattice 
lines are absent. 
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56. Electric Impedance of Single Arbacia Eggs. KEN- 
NETH S. CoLE AND Howarp J. Curtis, College of Physi- 
cians and Surgeons, Columbia University.—The end of a 
two or three mm thin-walled glass tube is heated until it 
closes down to a capillary about 50u in diameter and 200u 
long. The capillary end of the tube is partially immersed in 
sea water, and when an egg, 75u in diameter, is dropped in 
the upper open end, it settles to the top of the capillary. 
The water level in the tube is then raised until the egg is 
pushed into the middle of the capillary. Measurements are 
made between electrodes placed in the tube and in the 
outside solution. The low frequency resistance of a 48u tube 
rose from 24,000 ohms when filled with sea water to 840,000 
ohms with an unfertilized egg in place. This increase might 
be due to a membrane resistance of 13 ohms cm? but this 
value is no more than a lower limit since a layer of sea 
water 0.24 thick between the egg and the glass would 
produce the same result. Assuming the membrane to be 
nonconducting, the observed low frequency capacities and 
the higher frequency data give average membrane capaci- 
ties of 0.8uf/cm? for the unfertilized, and 2.8uf/cm? for the 
fertilized eggs. These results are in agreement with those 
obtained from suspensions, and the technique may be used 
for several problems which are not otherwise possible. 


57. A Three-Component Accelerometer. J. E. SHRADER, 
Drexel Institute of Technology—A type of accelerometer 
has been devised which measures the three components of 
acceleration simultaneously and records them on the same 
photographic film. The distinctive features of this acceler- 
ometer are: (1) The method of securing great sensitivity 
by large magnification of the motions of the pendulums. 
(2) The employment of special damping devices by means 
of which the pendulums become practically dead beat. (3) 
The disposition of the pendulums and the optical system 
whereby the records of all three components are recorded 
on the same photographic films. Proper damping which is a 
very important feature of an accelerometer is secured by 
the use of hollow discs or diaphragms by means of which 
energy of vibration is dissipated by forcing air into and out 
of the hollow chamber through a small opening. It is found 
that optimum damping is secured by a certain size opening 
which is determined by trial. By the use of air as a damping 
fluid the instrument can be operated in any position and 
damping does not vary markedly with temperature. 


58. A Mechanical Harmonic Synthesizer-Analyzer. S. 
Leroy Brown, University of Texas—A machine is de- 
scribed which has thirty harmonic elements (fifteen sine 
components and fifteen cosine components) that operate 
simultaneously. The driving mechanism is a nest of twenty 
intermeshing spur gears that are high grade but selected 
from commercial stock. These gears drive fifteen shafts with 
rotational ratios ranging from one to fifteen. A Scotch cross 
head is operated from each end of each shaft with the pin 
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of each cross head set in quadrature with the pin of the 
cross head at the other end of the respective shaft. The 
sum of the thirty sinusoidal movements is communicated to 
a tracer point (pencil) by means of pulleys and a continuous 
fuse chronometer chain, and the curve is traced on a draw- 
ing board that is driven uniformly past the pencil point. 
Analysis is accomplished by setting the amplitudes of the 
thirty elements to correspond to the values of thirty of 
thirty-two equispaced ordinates from a wave-length of the 
curve to be analyzed. Thirty components (fifteen sine and 
fifteen cosine components) of the curve being analyzed are 
then determined from the values of thirty of thirty-two 
equispaced ordinates of a wave-length from a single trace 
produced by the machine. 


59. Photoelectric Geiger-Miiller Counters with Caesium 
Cathodes. Gorpon L. Locuer, Bartol Research Foundation 
of the Franklin Institute—Several photoelectric counters 
with cathodes of thin caesium hydride on silver and on 
hydrogen-soaked platinum have been made. The caesium 
surface is prepared by bombardment of caesium azide with 
H* ions or with electrons; the metal thus liberated is dis- 
tilled on to the cathode and lightly bombarded with H* 
ions, Glass envelopes of Pyrex and Nonex are used. The 
counter gas is hydrogen at 2 to 6 cm pressure, purified by: 
passage through subliming magnesium and two cold traps, 
storage in a flask heavily lined with evaporated barium, 
and conduction to the counter through two cold traps and 
another barium flask. The counters have a narrower 
“voltage plateau” than ordinary counters used with the 
same coupling resistance. At room temperature, the spon- 
taneous rate, due to thermionic emission, is usually high. 
These tubes have thresholds (by filters) of about 8000A, 
and have sensitivities greatly exceeding those of any other 
photoelectric counters that the writer has produced. One 
type has a cathode that can be cooled with CO, ice or 
liquid air without refrigerating the entire tube. Work done 
so far shows that it is entirely feasible to use photoelectric 
surfaces with low work-functions in counters. The quantum 
efficiencies of the surfaces have not been determined, and 
can certainly be improved. Some stellar photometric 
measurements made with one of these tubes, by Dr. O. 
Mohler, of the Cook Observatory, indicate that the over-all 
sensitivity of the tube (used as a counter) is of the order of 
that of a good photo-cell and pliotron arrangement. The 
oldest caesium counters retained were made in June and in 
Sept. 1937. 


60. A New Geiger Counter. T. G. How anp K. Lark- 
Horovitz,! Purdue University.—Following the suggestion 
of Geiger of the possibility to use an inverted counter: 
tube inside, wire outside, different forms of counters have 
been investigated which allow the direct introduction of the 
sample into the counter. The final form adopted consists of 
three wires inside the cathode cylinder held at the usual 


potential difference in respect to the cylinder. Argon-air 
mixtures of pressure from 4 cm to 8 cm are being used. 
The sensitivity of the counter is comparable with that of 
an ordinary counter. The counters have been tested using 
potassium and rubidium salt crystals.? 

1I am indebted to the American Academy of Arts and Sciences for 
funds supporting this work. 


? The counters will be exhibited in operation at the Science exhibit 
of the A. A. A. S. during the meeting. 


61. Effects of Fringing Flux in Large Magnets. J. D. 
HowE AND I. WALERSTEIN, Purdue University —The mag- 
net constructed for the Purdue cyclotron has tapered pole 
pieces shaped according to an equation suggested by Bethe 
to reduce the fringing flux in the space outside the pole gap. 
In this design the flux density at the pole face is the same 
as it is near the yoke, and the product of its value and the 
maximum radius of curvature of the accelerated particles is 
about 15 percent higher than it would be for cylindrical 
pole pieces. To minimize the loss due to fringing flux the 
energizing coils are placed some distance from the yoke. 
The ampere interaction of the current in the coils with the 
fringing flux is found to produce a force causing a repulsion 
of the coils away from the air gap. Complete mapping of 
the magnetic field in the neighborhood of the pole pieces 
shows that for an energizing current of 160 amperes the field 
in the air gap between the pole pieces is 16,050 gauss, and 
the horizontal component of the field in the neighborhood of 
the coils has an average value of 750 gauss. The resulting 
force tending to “‘float’’ the upper coil is 3.4 tons. 


62. High Frequency Systems for the Cyclotron, J. R. 
DUNNING AND H. L. ANDERSON, Columbia University.— 
Improved methods have been developed for feeding high 
frequency energy to the accelerating electrodes of the cyclo- 
tron (or any electrodes having appreciable capacitance). 
By using, in place of the usual coil, a short-circuited section 
of a transmission line having approximately equal inductive 
reactance, the resonant circuit thus formed with the elec- 


trode capacitance may be made to have a much higher Q 
value than has been hitherto attained. Both parallel wire 
and concentric lines may be used, but in general any method 
employing parallel wire lines may be improved electrically 
and mechanically by using concentric lines. In the concen- 
tric line system adopted here the advantages are: (1) much 
higher accelerating voltages; (2) higher efficiency; (3) 
higher frequencies; (4) shielding; (5) elimination of insula- 
tors; (6) energy fed into the system at low potential; (7) 
ease of adjustment; (8) water lines introduced at ground 
potential. Power from the oscillator is fed capacitatively 
to a nonresonant low impedance coaxial line which in turn 
feeds the resonant loaded quarter-vave line electrode sys- 
tem. The oscillator is frequency stabilized by a high Q con- 
centric line directly exciting the grids, and operates with an 
efficiency of about 50 percent at 20 mC. Virtually all of the 
power output is delivered to the electrodes. For the cyclo- 
tron this means a considerable increase in energy and in- 
tensity of the ion beam. 


63. Some Observations of Magnetic Viscosity in Iron. 
C. W. Heaps, Rice Institute-——Measurements of magnetic 
viscosity in iron wires have been made, using a ballistic 
galvanometer and fine wires, so that effects due to eddy 
currents are negligible. When the current in the magnetiz- 
ing solenoid is cut off the flux in the iron specimen may 
continue to change appreciably for as long as a minute 
after the field is removed. By adjusting resistances and 
condensers the time required to remove the magnetizing 
field may be varied. It is found that the mode of decay 
of the magnetizing field influences very decidedly the 
magnitude of the viscosity. Under certain conditions of 
nonoscillatory decay magnetic viscosity will not appear 
at all. A cathode-ray oscillograph has been used in esti- 
mating rates of removal of the magnetic field and in detect- 
ing oscillations. Under certain conditions magnetic vis- 
cosity can be observed even though a reverse current is 
produced in the solenoid by an oscillation at break. 
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64. *A Few Related Experiments with Fast Neutrons. 
M. L. Poot, Ohio State University —The angular distribu- 
tion of the fast neutrons produced from the deuteron 
bombardment of lithium was measured by the radio- 
activity induced in a number of substances placed sym- 
metrically about the neutron source. The cyclotron at the 
University of Michigan was used to produce 6.3 Mev 
deuterons. The intensity variation of the radioactive 
samples of silver indicated a very distinct forward throw 
of the neutrons. A similar conclusion can be drawn from 
the radioactivity induced in Al, Sn, In, Pt and Au. With 
decreasing bombarding voltage of the incident deuterons 
on lithium, the change of intensities of the fast neutron 
reactions was compared with the change of the slow 
neutron reactions. The intensity of the radioactivity in 
Ag (24.5 min.), Cu (10.0 min.) and Sc (4.0 hr.) decreased 
much more rapidly than did the activity in Dy (2.5 hr.), 
Cu (12.8 hr.) or Al (14.8 hr.). A number of elements were 
bombarded with deuterons for the purpose of finding 
other sources of fast neutrons. Cu, Sc, Ag and Al were used 
as detectors. Under fast neutron bombardment several 
nuclei were found to eject a proton, two neutrons and an 
alpha-particle. The branching ratios for these nuclei have 
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been calculated from the observed intensitiés of the in- 
duced radioactivities. 
* To be called for after paper No. 22. 


65. *Preliminary Experiments with a Cosmic-Ray 
Telescope. W. H. PICKERING, California Institute of 
Technology—An attempt to discover astronomical in- 
fluences on the cosmic radiation is in progress. For this 
purpose a Geiger counter telescope having very large 
counters has been mounted on a polar axis. The instrument 
is arranged so that, in addition to the usual right ascension 
and declination axes, the plane of the counters can be ro- 
tated around an axis lying in that plane, parallel to the 
direction in which the telescope is pointing. The counters 
are spaced so that the solid angle over which at least half 
the counter area is effective is about 5°15°. With the 
counters oriented so that their axes were parallel to the 
Milky Way, observations have been taken at two declina- 
tions, +20° and —25°. A series of points spaced one hour 
apart in right ascension give the intensity of the radiation 
in two bands around the sky. The results to date indicate 
that if astronomical bodies in these regions affect the 
radiation, their effect must be very small, or else the earth’s 
magnetic field so distorts the paths of the rays that it 
cannot be found at the earth’s surface. 


* To be called for after paper No. 35. 
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